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Sunday, March 6, 2011 23athe host cells. This represents the first step of infection and requires multiple
simultaneous interactions since the affinity between one single HA-SA pair
is very low (10-13 M-1).
The binding interaction of influenza virus adhesion to living cells was
probed by means of dynamic force spectroscopy and force probe molecular
dynamics (MD) simulation. We applied three independent approaches to
measure the unbinding force between influenza virus and a host cell mem-
brane. Using optical tweezers and AFM based single molecule force spec-
troscopy we were able to characterize the binding energy on the single
molecule level. Unbinding events where analysed and revealed a multimodal
rupture force distribution which suggests sequential binding of multiple re-
ceptors. We determined the interacting force between hemagglutinin and
its receptor sialic acid to be ~10pN. Furthermore we used molecular dynam-
ics simulation to gain information about the binding architecture and the se-
quence of the unbinding process. MD simulation allowed us a more detailed
view of the energy landscape that governs the interaction between HA and
its ligand.
The combination of experimental and simulated force spectroscopy covers
a very large force regime and provides information that could not be obtained
with either one or the other method. The techniques are complementary and
provide detailed insights of the molecular interactions involved in influenza
virus attachment.
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The structure and function of proteins are
determined by their mechanical stability.
The temperature- or B-factors obtained
from crystallographic data provide an indi-
rect measure of the order and stability of
the protein, together with structural infor-
mation. However, B-factors from crystal-
lography analysis may be related to the
protein packing in the 3D-crystal and are
not quantitative. A direct quantification of
the mechanical stability of proteins based on atomic force microscopy
(AFM) consists in mechanically unfolding individual proteins by pulling
from two points. However, its correlation with protein structure requires addi-
tional measurements. In this work we apply a novel AFM imaging mode based
on force spectroscopy (PeakForce) to simultaneously acquire structural and
mechanical information of membrane proteins. We used the well-known pro-
tein bacteriorhodopsin from Halobaterium salinarum as a model system, ob-
taining topographical and stiffness maps with subnanometer resolution. The
characteristic trimeric organization of the trigonally packed (a = b = 62.5A˚;
g= 120) bacteriorhodopsin was clearly visible with inter-monomer distances
of 3.2 nm. Overlay of stiffness and topography maps allowed the investigation
of nanomechanical properties at the single molecule level providing a map of
the structural stability of bacteriorhodopsin.
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Prions are unconventional infectious agents that have the capacity to trigger
the native prion proteins (PrPC) to adopt a misfolded conformation (PrPSc)
which leads to aggregation and neurodegenerative disease. Although the
mechanism of PrPSc formation is still unknown, partially-folded intermediate
or misfolded states are thought to play important roles in the conversion
and amyloid formation processes. Here, we study the folding of the prion
protein by single molecule force spectroscopy using optical tweezers and pres-
ent the first direct observation of partially structured misfolded states. Single
molecules of recombinant mammalian prion protein held under tension are
repeatedly unfolded and refolded, revealing that the prion protein folds and
unfolds cooperatively as a two-state system, with no observable on-pathway
intermediates. Intriguingly, we observe multiple off-pathway misfolded states
with different lifetimes and extensions. We explore the thermodynamics and
kinetics of these states and characterize the different folding pathways of the
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Helicases are ATP hydrolysis driven molecular motors that processively un-
wind double stranded DNA. In this study we investigate RecQ2 helicase
from Arabidopsis thaliana (AtRecQ2) which plays an important role in geno-
mic maintenance. We use high resolution magnetic tweezers in order to probe
the unwinding of a DNA hairpin by this enzyme in real time under different
external forces. We find an unwinding rate of 7-9 bp/s which is slow compared
to many prokaryotic helicases. Applied forces between 5 and 12 pN only
weakly affect this parameter, while the AT versus GC content of the unwound
DNA has a significant impact. The weak force- but the relatively strong
sequence dependence of DNA unwinding is in disagreement with a passive
ratchet unwinding mechanism. High-resolution measurements reveal that
AtRecQ2 unwinds the DNA in 3-4 bp steps. Beyond the behavior of AtRecQ2
during unwinding we analyze its behavior on single-strand DNA. While failing
to detect single-strand DNA translocation, the data in contrary suggests that
AtRecQ2 diffuses on single stranded DNA. Such a weak contact to single-
strand DNA is supported by the observation that even on a stretched hairpin
configuration the enzyme is capable of repetitive shuffling, i.e. the instanta-
neous restart of DNA unwinding after a terminated event. Based on this we
hypothesize that AtRecQ2 switches between a processive unwinding-mode
on double-stranded DNA and a diffusive-mode on single-stranded DNA in
order to keep a target hairpin constantly open or to search for a new distant
target fork.
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Precise manipulation of single molecules has already led to remarkable insights
in physics, chemistry, biology, and medicine. However, two issues that have
impeded the widespread adoption of single-molecule techniques are equipment
cost and the laborious nature of making measurements one molecule at a time.
To meet these challenges, we have developed an approach that enables mas-
sively parallel single-molecule force measurements using centrifugal force
[1]. This approach is realized in an instrument that we call the centrifuge force
microscope in which objects in an orbiting sample are subjected to a calibra-
tion-free, macroscopically uniform force-field while their micro-to-nanoscopic
motions are observed. We demonstrate high-throughput single-molecule force
spectroscopy with this technique by performing thousands of rupture experi-
ments in parallel, characterizing force-dependent unbinding kinetics of an
antibody-antigen pair in minutes rather than days. Additionally, we verify
the force accuracy of the instrument by measuring the well-established DNA
overstretching transition at 66 þ/- 3 pN. Currently, we are taking steps to inte-
grate high-resolution detection, fluorescence, temperature control and a greater
dynamic range in force. With significant benefits in efficiency, cost, simplicity,
and versatility, single-molecule centrifugation has the potential to expand sin-
gle-molecule experimentation to a wider range of researchers and experimental
systems.
[1] K. Halvorsen, W.P. Wong, Biophysical Journal - Letters 98 (11), (2010).
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Awide variety of cellular processes, includ-
ing replication, transcription, and recombi-
nation, alter the linking number of DNA.
Understanding such processes therefore re-
quires measuring rotation; however, it has
only recently become possible to make
such measurements directly at the single
molecule scale. We have developed a new
instrument, the freely orbiting magnetic
tweezer (FOMT), which permits straight-
forward, direct measurement of rotary mo-
tion in biopolymers.
We demonstrate that FOMT can observe
rotation of a dsDNA tether simply by
